The levels of cross-hybridization between deoxyribonucleic acids from Haemophilus parasuis, Haemophilus pleuropneumoniae, and unnamed Haemophilus taxon C were less than 15 % . The levels of deoxyribonucleic acid complementarity between H . parasuis strains belonging to serovars 1 to 4 and polyacrylamide gel electrophoresis type I and I1 strains were very high (86 f 7%), but the levels of complementarity between strain Nagasaki (serovar 5, polyacrylamide gel electrophoresis type 11) and the remaining strains of H . parasuis were rather low (64 * 5%). Our results indicate that, with the exception of serovar 5, the species H . parusuis comprises a rather homogeneous, genetically closely related group of bacteria. A further division of H . parasuis strains into subspecies according to their polyacrylamide gel electrophoresis peptide profiles is not justified on the basis of deoxyribonucleic acid sequence homologies. However, the taxonomic position of serovar 5 needs further investigation.
Haemophilus parasuis (2) is a well-known species in veterinary bacteriology. This organism is a widespread and common inhabitant of the nasal cavities of pigs and is also involved in porcine respiratory diseases as a secondary invader. Furthermore, it is recognized as the agent of Glasser's syndrome (fibrinous polyserositis, meningitis, polyarthritis, or septicemia) (8).
Although the strains of H . parasuis show almost uniform biochemical properties (3), it is possible to differentiate them by polyacrylamide gel electrophoresis (PAGE) of sodium dodecyl sulfate-solubilized cells into two types based on different peptide patterns, PAGE types I and I1 (7) . The PAGE type I1 strains are always associated with pathologic conditions, particularly with GlAsser's syndrome. In addition, recent, more detailed studies have shown that some structural heterogeneity (capsulation, susceptibility to acriflavine, etc.) can occur, which allows the strains (6) to be classified into at least five serovars (unpublished data).
Consequently, we wanted to determine whether H . parasuis strains could also be separated genetically and whether the deoxyribonucleic acid (DNA) patterns could be correlated with PAGE types and serovars. There is little information concerning the genetic relationships among H . parasuis strains, except that DNA base compositions have been determined for a few strains (3) .
In this study we examined the DNA relationships amorig strains belonging to different serovars and having different PAGE profiles and compared the levels of hybridization with other species isolated from pigs, including Haemophilus (Actinobacillus) pleuropneumoniae biovar 1 (10) and Haemophilus sp. taxon C (3).
MATERIALS AND METHODS Bacterial strains.
The following H . parasuis strains were used in this study: strains NCTC 7440 (National Collection of Type Cultures, London, England) and 4 (Japan), representing serovar 1; strain SW140 (Japan), representing serovar 2; strain SW114 (Japan), representing serovar 3; strain SW124 (Japan), representing serovar 4; and strain Nagasaki (Japan), representing serovar 5 . We also used Haemophilus * Corresponding author.
(Actinohacillus) pleuropneumoniae strain S1536 (= ATCC 27089), which was the reference strain for serovar 2 (4), and Haemophilus sp. taxon C strains CAPM 5111 and CAPM 5113 (Collection of Animal Pathogenic Microorganisms, Brno-Medlanky , Czechoslovakia).
Preparation of DNA. The strains were cultivated for 20 h at 37°C in a 5% CO;? atmosphere on yeast-chicken meat agar, which contained chicken meat infusion, soy peptone, and yeast extract. At confluence, the cells from four plates were harvested in 5 ml of 0.15 M NaCl and washed four times with the same diluent by centrifugation. To 30 p,g of sediment 0.5 ml of a lysozyme solution (Sigma Chemical Co., St. Louis, Mo.) was added [5 mg of lysozyme in 1.0 ml of 0.25 M tris(hydroxymethy1)aminomethane buffer, pH 8.01. After incubation at 37°C for 15 min, sodium dodecyl sulfate (final concentration, 0.6%) and pronase (final concentration, 0.2 mg/ml; Boehringer GmbH, Mannheim, Federal Republic of Germany) were added, and this was followed by incubation at 37°C for 2 h.
DNA was extracted from the lysate by deproteinizing the preparation three to four times with an equal volume of phenol-m-cresol-chloroform-isoamyl alcohol (45:5:48:2) and then three times with an equal volume of chloroformisoamyl alcohol (24: 1). The nucleic acids were precipitated with 2 volumes of cold ethanol and dissolved in 0.1 ml of IX SSC per ml of DNA extract (Ix SSC is 0.15 IM sodium chloride plus 0.015 M sodium eitrate, pH 8.0). The solution was treated with preheated ribonuclease (final concentration, 20 U/ml; Sigma) at 37°C for 30 min. After further precipitation with ethanol and suspension in IX SSC, the DNA was deproteinized again with phenol-m-cresolchloroform-isoamyl alcohol and chloroform-isoamyl alcohol and then precipitated twice with ethanol. The resulting DNA was suspended in 10 mM tris(hydroxymethy1) aminomethane-1 mM disodium ethylenediaminetetraacetate EDTA (pH 7 . 3 , adjusted to a concentration of 100 pg/ml, and stored at -20°C until it was used. The purified DNA was quantitated by measuring the absorption of ultraviolet light at 260 nm, assuming that 1 U of optical density at 260 nm was equivalent to 45 kg of DNA. The ratio of absorbance at 260 nm to absorbance at 280 nm was 1:0.53 5 0.02.
Labeling and hybridization techniques. Purified DNAs from nine strains were labeled in vitro by nick translation (ll), using the instructions of the supplier of the reagents (New England Nuclear Corp., Boston, Mass.). The reaction mixtures were incubated for 3 h at 14°C. Tritium-thymidinelabeled DNA was separated by column chromatography on Sephadex (3-100 in 10 mM tris(hydroxymethy1)aminomethane. Peak fractions were pooled and stored at -20°C. Labeled and unlabeled DNAs were mixed at a ratio of about 1:lOO. The estimated specific activity of the labeled DNA was about 7 x lo6 cpm/pg of DNA.
The DNA was hybridized at 63°C for 21 h in 0.42 M sodium chloride and assayed with 3,000 U of S1 endonuclease (Boehringer), as described by Owen and Leaper (9). Table 1 shows the results of reciprocal hybridization assays performed with various strains. When labeled strain NCTC 7440 was used, the average hybridization value for all strains of H . parasuis except strain Nagasaki was 91 2 8%. Similarly, the average hybridization values for the H . parasuis strains ranged from 73 to 96% when labeled strains SW114, SW124, 4, and SW140 were used. Strain Nagasaki was an exception, showing 64 2 5% relatedness to the other H . parasuis strains in reciprocal reactions. The levels of relatedness among H . parasuis, H . pleuropneumoniae and Haemophilus sp. taxon C were less than 15%; the standard error in the same experiment was estimated to be 5 5 4% (n = 14). The mean relatedness values for hybridizations between PAGE type I strains and PAGE type I1 strains are shown in Table 2 . These values are almost identical. The levels of hybridization between strain Nagasaki and other H . parasuis strairis (64 2 5%) were markedly lower than the levels between PAGE type 1 and PAGE type I1 strains (87 ? 8%). DISCUSSION H . parasuis constitutes a rather homogeneous group of genetically related bacteria, since the DNAs of most strains cross-hybridize at a level of about 85%. An exception is strain Nagasaki (serovar 5), which was isolated from a case of septicemia and was identified as H . parasuis (6). This strain shows a significantly lower degree of relatedness to the other strains. It is unlikely that some degradation of the DNA took place during the extraction procedure since reciprocal hybridizations yielded almost identical values (65 5 5 and 63 k 5%). We question whether this organism is a new species or at least a subspecies of H . parasuis. However, at this time it seems premature to create a new taxon (7) did not correlate with any substantial difference in the DNA relatedness among the strains studied. Therefore, a further division into subspecies is clearly not justified in this case. As suggested previously for Haemophilus injuenzae (1), PAGE protein patterns may allow classification into subtypes, showing that this method is an important tool for epidemiological studies. It is interesting that the PAGE type I1 strains are more virulent than the PAGE type I strains and that there are marked differences in the protein patterns af the two types, yet their DNA sequences show a high level of relatedness. This suggests that the two types may differ in relatively few genes, but that they differ, at least in part, in genes coding for virulence. The presence of a plasmid coding for virulence is unlikely since we have not been able to demonstrate any plasmids in the H . parasuis strains studied (unpublished data).
RESULTS
This study confirmed the fact that other haemophili found in swine, like H . pleuropneumoniae and the unnamed strains provisionally classified as Haernophilus sp. taxon C , clearly belong to separate species, as proposed previously on the basis of their guanine-plus-cytosine contents (3).
